Introduction
============

Drug therapy for advanced lung cancer has dramatically changed in the last 15 years. Epidermal growth factor receptor (EGFR) gene mutations were discovered in 2004 and indicate a strong susceptibility to EGFR tyrosine kinase inhibitors (TKIs) ([@B1]). Anaplastic lymphoma kinase (ALK) gene rearrangement was discovered in 2007, and it has since become clear that ALK TKIs strongly inhibit ALK rearranged cancers ([@B2]). Subsequently, various gene aberrations, such as ROS1 rearrangement ([@B3]), RET rearrangement ([@B3]) and BRAF gene mutation ([@B4]), were found one after another. The 2000s can be said to have been an era in which molecular-targeted therapies in non-small cell lung cancer (NSCLC) greatly advanced. In 2012, nivolumab, an immune checkpoint inhibitor, was shown to be effective for some NSCLCs ([@B5]). Subsequently, similar agents have been developed, such as pembrolizumab and atezolizumab ([@B6], [@B7]). Immune checkpoint inhibitors are now attracting substantial attention because of their potential to cure advanced NSCLC.

However, despite such progress, lung cancer with comorbid interstitial pneumonia (IP) has been completely left behind. One of the major reasons for this is that almost all clinical trials exclude lung cancer with comorbid IP because of the risk of triggering acute exacerbation (AE) with anti-cancer therapy.

IP, especially idiopathic pulmonary fibrosis (IPF), often accompanies lung cancer, and its frequency reaches up to 10-20% ([@B8]). The biggest problem regarding lung cancer with comorbid IP is AE, which can be fatal and makes cancer treatment difficult during the clinical course. In addition, Japanese people are prone to drug-induced pulmonary toxicity, even in those without comorbid IP ([@B8]). Therefore, the establishment of a treatment strategy for lung cancer with comorbid IP is an urgent issue.

In the present review, we will focus on drug therapy for lung cancer with comorbid IP.

Why Does IP Often Accompany Lung Cancer?
========================================

Although the precise rate of comorbidity is unclear, it has long been known that IP frequently accompanies lung cancer. Among different IPs, such as idiopathic IPs (IIPs), collagen vascular disease-associated IP (CVD IP) and pneumoconiosis, IPF has been well studied and often accompanies lung cancer. Although the frequency of comorbid IPF and lung cancer differs among studies, IPF is generally considered to accompany lung cancer in 10-20% of cases throughout the clinical course ([@B9]-[@B13]).

Why IP often accompanies lung cancer is unclear, but there are some similarities between lung cancer and IPF ([Figure](#g001){ref-type="fig"}) that may be involved in the mechanisms underlying the comorbidity. Smoking is a shared risk factor for developing both lung cancer and IP. As is well known, smoking increases the risk of lung cancer development. It is also associated with an increased risk of IPF ([@B14]). The development site is another point of similarity between lung cancer and IP. Lung cancer often occurs around lesions with IP, suggesting that they may share a common development site ([@B15]-[@B17]). Furthermore, similarities in the molecular profiles between these two entities have also been reported ([@B18], [@B19]). There are reports of familial IP combined lung cancer associated with a surfactant protein germ cell mutation, suggesting that a common etiology may exist ([@B20], [@B21]).

![Similarities between lung cancer and IPF. There are some similarities between lung cancer and IPF, such as the development site, genomic alteration and influence of a smoking history.](1349-7235-59-0163-g001){#g001}

Is Cancer Drug Therapy a Risk Factor for AE of IP?
==================================================

Various cancer therapies, including surgery ([@B22]), radiation ([@B23]) and pharmacotherapy ([@B24], [@B25]), are risk factors of AE in cases of pre-existing IP. When AE develops during cancer pharmacotherapy in patients with comorbid IP, it is difficult to distinguish from drug-induced pneumonitis. It was recently proposed that such cases be diagnosed as triggered AE, in contrast to AE without any idiopathic trigger factors ([@B26]).

Cytotoxic chemotherapy
----------------------

The risk of AE in patients with lung cancer with comorbid IP due to cytotoxic chemotherapy is considered to be 10% to 30% ([Table](#t001){ref-type="table"}) ([@B24], [@B25], [@B27]-[@B29]). Given that the annual AE risk in the natural course of IP is 5-15% ([@B30], [@B31]) and that the risk of drug-induced pneumonia in patients without comorbid IP is generally less than 5%, the frequency of AE in lung cancer with comorbid IP treated with cytotoxic chemotherapy is clearly high.

###### 

Frequency of AEs or Development of Drug-induced IP.

                                           Frequency of AEs or drug-induced IP   
  ---------------------------------------- ------------------------------------- ---------
  Cytotoxic chemotherapies                 \<5%                                  10-30%
  Molecular-targeted therapy (gefitinib)   3.8%                                  13.8%
  Immune checkpoint inhibitors             3-4%                                  unknown

Molecular-targeted agents
-------------------------

Drug-induced pneumonitis among patients treated with the EGFR-TKI gefitinib has become a social problem in Japan because of its severity and mortality. A large cohort study was conducted to determine the risk factors of gefitinib-induced IP in Japanese patients ([@B32]), revealing that pre-existing IP was an independent risk factor. The rate of gefitinib-induced pneumonia was significantly higher in patients with comorbid IP than in those without IP (13.9% vs. 3.8%, p=0.013) ([Table](#t001){ref-type="table"}). Based on these data, lung cancer patients with comorbid IP are considered to have a high risk of AE caused by molecular-targeted agents.

Immune checkpoint inhibitors
----------------------------

Immune checkpoint inhibitors, such as PD-1/PD-L1, reportedly cause drug-induced pneumonitis in 3-4% of NSCLC patients ([Table](#t001){ref-type="table"}) ([@B33], [@B34]). Although whether or not immune checkpoint inhibitors can cause AE of comorbid IP is still unclear, a retrospective study showed that nivolumab-related pneumonitis occurred more frequently in NSCLCs with interstitial lung disease (ILD) than in those without ILD (31% vs. 12%, p=0.014) ([@B35]). In addition, a history of thoracic radiation is associated with an increased risk of pneumonitis during immune checkpoint inhibitor treatment ([@B36]), suggesting that pulmonary damage can potentially be a risk factor of pneumonitis induced by immune checkpoint inhibitors. The accumulation of further data is awaited.

What is the Risk of Cancer Drug Therapy Other Than Pulmonary Toxicity in IP Patients?
=====================================================================================

There have been no reports concerning whether or not lung cancer with comorbid IP increases the risk of adverse events other than pulmonary toxicity. However, since the lung reserve capacity is potentially decreased in cases with comorbid IP, it is necessary to be more cautious concerning respiratory infection during the period of myelosuppression due to cytotoxic chemotherapy. If lung cancer is accompanied by CVD IP, there is a possibility that existing collagen disease may be exacerbated by an immune checkpoint inhibitor ([@B37]).

Does the Risk of Cancer Pharmacotherapy Differ Depending on the Type of Comorbid IP?
====================================================================================

Patients with a usual interstitial pneumonia (UIP) pattern are reported to develop cytotoxic chemotherapy-triggered AE more frequently than those with a non-UIP pattern (30% vs. 8%, p=0.005) ([@B38]). Therefore, we should cautiously consider the indication in cases of lung cancer with comorbid UIP and be extremely careful when treating such patients with cytotoxic chemotherapy cannot be avoided. Whether or not the risk of AE induced by molecular-targeted agents or immune checkpoint inhibitors differs according to the type of IP remains to be elucidated.

Can Anti-fibrotic Agents Prevent AE?
====================================

Recently, pirfenidone and nintedanib, both of which are anti-fibrotic agents, became available for clinical use as IPF therapeutic agents, and nintedanib in particular prevents AE of IPF with a hazard ratio for time to first AE of 0.53 (95% confidence interval: 0.34-0.83; p=0.0047) ([@B39]). Although there are no data concerning whether or not these anti-fibrotic drugs prevent AE during drug therapy of lung cancer, a retrospective single-center study investigated the effect of the prophylactic anti-IPF agent pirfenidone on preventing post-operative AE of IPF ([@B40]). In that study, the incidence of AE was significantly lower in lung cancer patients with IPF treated with perioperative pirfenidone than in those without pirfenidone (3.2% vs. 21.1% within 90 postoperative days; p=0.04). A randomized controlled clinical trial is currently being conducted to determine whether or not nintedanib can prevent AE during cytotoxic chemotherapy in patients with comorbid IPF ([@B41]). If nintedanib can reduce the risk of AE due to chemotherapy, more ways to treat lung cancer with comorbid IP may become available.

What Makes It Difficult to Establish Evidence Concerning Lung Cancer with Comorbid IP?
======================================================================================

There are a number of hurdles to establishing evidence concerning lung cancer with comorbid IP. First, although the populations is not small, there are relatively few cases of lung cancer with comorbid IP, and majority of lung cancer do not have accompanying IP. Second, the classification of IP is not always consistent among physicians. The Official American Thoracic Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thoracic Association (ATS/ERS/JRS/ALAT) Clinical Practice Guideline for the diagnosis of IPF was recently updated ([@B42]), but it might still be somewhat difficult for general physicians or oncologists to make a definite diagnosis of IPF. For example, honeycomb is an important finding among the imaging findings of IPF, but the judgment of the presence or absence of honeycomb greatly differs depending on the diagnostician ([@B43]). Third, there is extremely little information available regarding lung cancer with secondary IP, and whether or not secondary IP, such as CVD IP and pneumoconiosis, complicating lung cancer can be dealt with like idiopathic IP remains unclear. Fourth, it is difficult to quantify the extent of IP. The risk of AE is expected to differ between mild IP, which cannot be detected without CT, and symptomatic severe IP, which can be recognized on chest X-ray. In Japan, the severity of IPF is classified according to the partial pressure of arterial oxygen (PaO~2~) at rest and percutaneous oxygen saturation (SpO~2~) during a six-minute walk test, but it may be affected by other comorbidities, such as chronic obstructive pulmonary disease (COPD) or heart diseases, and does not always reflect the extent of IP itself. Since there are no established direct indicators for quantifying the extent of IP, it is difficult to determine the extent of comorbid IP.

How Should Lung Cancer with Comorbid IP Be Treated According to the Currently Available Information?
====================================================================================================

Cytotoxic chemotherapy
----------------------

According to Japanese package inserts, irinotecan is contraindicated for IP-complicated cases, and amrubicin and gemcitabine are contraindicated in cases with symptomatic IP that can be detected by chest X-ray ([@B8]). Several small studies have shown the tolerability of regimens including paclitaxel ([@B27]), nab-paclitaxel ([@B44]), and S-1 ([@B25]). At this stage, it would be best to avoid treating patients with a UIP pattern whenever possible and use drugs that are reported to be relatively well tolerated.

Molecular-targeted therapeutic agents
-------------------------------------

Drug-induced pneumonia due to EGFR inhibitors tends to be fatal with a diffuse alveolar damage (DAD) pattern ([@B45]), and it happens more frequently in patients with comorbid IP ([@B32]). Therefore, when an EGFR gene mutation is detected in lung cancer patients with comorbid IP, patients and physicians will be forced to decide whether to treat it or to give up on targeted therapy. Fortunately, the frequency of EGFR gene mutation-positive cases with comorbid IP is not high ([@B46]), and it is said that there are many KRAS gene mutations for which molecule-targeted therapy has not been established ([@B46]), so it is rare to be placed in such a situation. However, if molecular-targeted therapy for a KRAS gene mutation is established in the future, this problem cannot be avoided.

ILD-related deaths in patients who develop drug IP account for 31.6% of those treated with gefitinib and 27.9% of patients who undergo chemotherapy ([@B47]). Gefitinib-induced ILD occurred most commonly in the first four weeks of gefitinib treatment ([@B47]). Patients with pre-existing ILD are at a high risk of developing gefitinib-induced ILD, with an odds ratio of 2.89 ([@B32]).

Immune checkpoint inhibitors
----------------------------

As mentioned above, there are many unclear points concerning the risk with administering immune checkpoint inhibitors to patients with IP. In a prospective study in which nivolumab was administered to six NSCLC patients with mild IP, AE did not occur in any patients ([@B48]). However, based on previous experience with cytotoxic chemotherapy and molecular-targeted agents, we believe that the use of immune checkpoint inhibitors for patients with IP should be cautiously considered as more data are accumulated going forward.

Should We Treat or Not Treat Lung Cancer with Comorbid IP?
==========================================================

No randomized controlled trial has shown an improvement in the overall survival of lung cancer with comorbid IP, and from a purely scientific point of view, there is no basis for recommending cancer pharmacotherapy over best supportive care. However, for example, when a patient with IP in good health develops advanced lung cancer with a high PD-L1 expression, is just best supportive care without any cancer therapy really acceptable? The establishment of a treatment strategy for lung cancer with comorbid IP is an urgent issue and must be studied more closely.
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